Functional regulation of alternatively spliced Na+/Ca2+ exchanger (NCX1) isoforms.
Alternative splicing of RNA transcripts is a general characteristic for NCX genes in mammals, mollusks, and arthropods. Among the family of three NCX genes in mammals, the NCX1 gene contains six exons, namely, A, B, C, D, E, and F, that make up the alternatively spliced region. Studies of the NCX1 gene transcripts suggested that 16 distinct gene products can be produced from the NCX1 gene. The exons A and B are mutually exclusive when expressed. Generally, exon A-containing transcripts are predominantly found in excitable cells like cardiomyoctes and neurons, whereas exon B-containing transcripts are mostly found in nonexcitable cells like astrocytes and kidney cells. Other alternatively spliced exons (C-F) appear to be cassette-type exons and are found in various combinations. Interestingly, exon D is present in all characterized transcripts. The alternatively spliced isoforms of NCX1 show tissue-specific expression patterns, suggesting functional adaptation to tissues. To investigate functional differences among alternatively spliced isoforms of NCX1, we expressed an exon A-containing transcript present in cardiac tissue (NCX1.1) and an exon B-containing transcript found in the kidney (NCX1.3) in Xenopus oocytes. We demonstrated that the Na(+)/Ca(2+) exchangers expressed by exon A- and exon B-containing transcripts display differences in activation by PKA and by [Ca(2+)](i). We also observed that these two isoforms show differences in voltage dependence. Surprisingly, the alternatively spliced isoforms of NCX1 display greater functional differences among themselves than the products of different gene loci, NCX1, NCX2, and NCX3.